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Abstract
Age estimation through skeletochronology and mark-recapture of free-living 
Liolaemus leopardinus (Squamata: Liolaemidae) from Chile. Age determination is a 
crucial component of ecological studies. Researchers have relied on different methods and 
techniques, for example mark-recapture, body size, and skeletochronology, to assess the 
age of free-ranging individuals. We used all three methods to estimate the age structure of 
a population of Liolaemus leopardinus, a highly social and saxicolous lizard species 
endemic to the temperate region of central Chile. This high-elevation and secretive species 
is considered threatened and, although efforts have been made to reveal more specific 
details about the species’ natural history, crucial details of its biology are still unknown. 
Our goal was to associate the number of Lines of Arrested Growth (LAGs) to snout–vent 
length (SVL) and use LAGs as an age estimation proxy on free-ranging individuals. For 
the skeletochronology analyses, a combination of toe-clips was collected when each subject 
was first captured in 2012–2013. SVL for all captured individuals was recorded during two 
different field seasons (austral spring to fall of 2011–2012 and 2012–2013). SVL data were 
also available for 10 individuals initially collected and permanently marked in 2005 (one 
juvenile and nine adults) and recaptured in 2011–2012. Three of those 10 subjects were 
captured again in 2012–2013. Our results revealed the formation of LAGs in L. leopardinus 
and a high degree of bone remodeling in both juveniles and adults. This bone remodeling 
combined with the high rapprochement in peripheral LAGs on the samples of the oldest 
lizards suggest that phalangeal bones are not suitable for age determination in this species. 
On the other hand, our mark-recapture results allowed us to assign individuals to four 
different age-classes when a subject’s SVL was associated with activity periods and 
recaptures. Individuals of L. leopardinus are long-lived and their lifespan can exceed a 
decade. Female lizards become sexually mature at three to four years of age.
Keywords: bone, body-length, high-altitude, lifespan, lines of arrested growth, lizards.
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Resumo
Estimativa etária por meio de esqueletocronologia e marcação-e-recaptura de Liolaemus 
leopardinus (Squamata: Liolaemidae) do Chile. A determinação etária é um componente crucial 
de estudos ecológicos. Pesquisadores tem usado diferentes técnicas e métodos como marcação-e-
recaptura, tamanho do corpo e esqueletocronologia, para avaliar a idade de indivíduos na natureza. 
Usamos esses três métodos para estimar a estrutura etária de uma população de Liolaemus 
leopardinus, uma espécie de lagarto saxícola, altamente social e endêmica da região temperada do 
centro do Chile. Essa espécie secretiva de grandes altitudes é considerada ameaçada, e apesar dos 
esforços para descobrir detalhes específicos sobre a sua história natural, detalhes cruciais de sua 
biologia permanecem desconhecidos. Nosso objetivo foi associar o número de Linhas de Crescimento 
(LAGs) ao comprimento rostro-cloacal (SVL) e usar as LAGs para representar uma estimativa etária 
dos indivíduos na natureza. Para as análises de esqueletocronologia, foi coletada uma combinação de 
cortes de artelhos quando cada indivíduo foi capturado pela primeira vez em 2012–2013. O SVL de 
todos os indivíduos capturados foi registrado durante duas campanhas consecutivas (primavera a 
outono de 2011–2012 e 2012–2013). Os dados de SVL estiveram também disponíveis para 10 
indivíduos coletados anteriormente e marcados de forma permanante em 2005 (um juvenil e nove 
adultos) e recapturados em 2011–2012. Três daqueles 10 indivíduos foram capturados novamente em 
2012–2013. Nossos resultados revelaram a formação de LAGs em L. leopardinus e um alto grau de 
remodelação óssea tanto nos junevis como nos adultos. Essa remodelação ósssea combinada com a 
alta aproximação das LAGs periféricas nas amostras dos lagartos mais velhos sugere que os ossos 
das falanges não são adequados para a determinação etária nessa espécie. Por outro lado, nossos 
resultados de marcação-e-recaptura permitiram classificar os indivíduos em quatro diferentes classes 
etárias quando o SVL de um indivíduo era associado com os períodos de atividade e recapturas. 
Indivíduos de L. leopardinus são longevos, podendo exceder uma década. As fêmeas tornam-se 
sexualmente maduras aos três ou quatro anos de idade.
Palavras-chave: comprimento do corpo, grandes altitudes, lagartos, linhas de crescimento, 
longevidade, osso.
Introduction
Accurate age determination is a very 
important aspect in studies of population ecology 
(Borczyk and Paśko 2011, Comas et al. 2016), 
but it is of particular relevance on those 
conducted on threatened species (Lindquist et al. 
2012) or on those for which little is known about 
their demography (Comas et al. 2016). The most 
direct and reliable method to assess the age of 
free-ranging subjects is to gather life history and 
morphometric data through the lifespan of a 
cohort of newborns (Halliday and Verrell 1988, 
Castanet 1994). This is achieved by marking and 
recapturing the animals systematically, measuring 
them, and building growth curves or displaying 
the data in charts showing the lifetime 
relationship between age and growth (Halliday 
and Verrell 1988, Forester and Lykens 1991, 
Arakelyan et al. 2013). However, following 
individuals of a cohort over time can be a 
challenge if the species of interest is long-lived 
or elusive (Castanet 1994, Lemos-Espinal et al. 
2005, Mills 2006). Therefore, researchers have 
relied on the size-frequency method and used 
body size as a proxy for age of free-ranging 
animals as both traits are positively correlated 
(Castanet 1994, Chen et al. 2011, Comas et al. 
2016). To utilize the size-frequency method, a 
large number of animals are captured and 
measured during a short period of time, the data 
are displayed in a histogram, and age-classes are 
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assigned based on the size-frequency distribution 
(Halliday and Verrell 1998). The size-frequency 
method requires a clear-cut knowledge of age-
specific variation in body size of the species 
studied to avoid overlapping age-classes 
(Gibbons 1976, Halliday and Verrell 1988, 
Castanet 1994). But, in order to minimize 
overlaps, researchers tend to group subjects into 
only two, three, or sometimes four age-classes 
(Halliday and Verrell 1988, Castanet 1994, 
Borczyk and Paśko 2011).
In addition to the methods mentioned above, 
researchers have focused their efforts on the 
study of natural cyclic growth marks recorded in 
large bones-skeletochronology (Kleinenberg and 
Smirina 1969, Castilla and Castanet 1986, 
Castanet 1994, Guarino et al. 2010). In 
vertebrates, bone grows by an appositional 
process of surface deposition (Enlow 1963, 
Piantoni et al. 2006, Arakelyan et al. 2013, 
Çiçek et al. 2015). Bone growth occurs when the 
subject is active and resources are available for 
its development (Adolph and Porter 1993, 
Castanet 1994, Valdecantos et al. 2007, Comas 
et al. 2016). The appositional surface deposition 
can be observed as concentric rings through 
cross sections of long bone diaphysis, such as 
the femur or humerus (Comas et al. 2016). Bone 
growth appears as a broad zone followed by a 
fine, but well-defined dark line (Halliday and 
Verrell 1988, Valdecantos et al. 2007, Prieto et 
al. 2013). The line in the shape of a ring is 
known as a Line of Arrested Growth (LAG) and 
indicates a period of drastically constrained 
growth, e.g., brumation (Halliday and Verrell 
1988, Vitt and Caldwell 2009, Guarino et al. 
2015). LAGs are formed yearly in species that 
inhabit well defined seasons, for example, 
temperate regions (Ortega-Rubio et al. 1993, 
Piantoni et al. 2006). Skeletochronology has 
been considered for more than 30 years a 
rigorous and trustworthy technique to age free-
ranging reptiles (Castanet 1982, Comas et al. 
2016); its results are more accurate than that of 
any other known criterion of age estimation 
(Castanet et al. 1988). Skeletochronology studies 
often involve large numbers of animals being 
sacrificed when long bones are used, which can 
be of concern when the species under study is 
threatened. As an alternative to long bones, 
researchers have used phalanges since those offer 
similar results when compared to results obtained 
from long bones, and most importantly, removing 
a toe is non-lethal (Ledentsov and Melkumyan 
1986, Yakin et al. 2015, Comas et al. 2016). 
Skeletochronology has been applied successfully 
in studies of different animal groups, for example, 
mammals (Frylestam and Schantz 1977, Castanet 
et al. 2004), and amphibians and reptiles (Halliday 
and Verrell 1988, Castanet 1994, Guarino et al. 
2015, Comas et al. 2016).
Liolaemus leopardinus Müller and Hellmich, 
1932 is a medium-to-large, high-elevation, non-
territorial, viviparous lizard endemic to temperate 
central Chile (Pincheira-Donoso and Núñez 
2005). The species is limited to a narrow 
altitudinal band (2100–2800 m a.s.l.), and 
assessed as Endangered by IUCN (Díaz et al. 
2016). It is active approximately seven months 
during the austral spring to fall and inactive 
during the cool and snowy austral winter. Little 
is known about the species’ population demog-
raphy, but different studies have assigned 
subjects to two or three age-classes—neonates, 
juveniles, and adults—solely on their snout–vent 
length (SVL) (Carothers et al. 1997, Fox and 
Shipman 2003, E. Santoyo-Brito pers. comm.), 
or categorized individuals as mature based on 
the body size at sexual maturity: SVL 68.0 mm 
(Leyton and Valencia 1992). However, infor-
mation on the age structure and lifespan of the 
species obtained through a more thorough or 
accurate method has never been gathered. 
Information on both traits is critical when so 
little is known about this endangered endemic 
species. Our main objective in this study was to 
determine whether skeletochronology is a useful 
method to estimate age in L. leopardinus. We 
also aimed to determine the relation between 
SVL and the number of LAGs so as to use SVL 
as a proxy to estimate the age of free-ranging L. 
leopardinus.
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Materials and Methods
We collected free-ranging Liolaemus leopardinus 
of different SVLs during their active season 
(austral spring to fall; December–April) in 2011–
2012 and 2012–2013 and right after emerging 
from brumation in November and December, 
2013, at El Colorado in the Andean cordillera of 
central Chile (Fox and Shipman 2003, E. 
Santoyo-Brito pers. comm.), 35 km northeast of 
Santiago at 2760 m a.s.l. (33°14' S, 70°16' W). 
All lizards were caught via noosing, their SVL 
measured with a ruler, and sex determined by the 
presence (males) or absence (females) of 
precloacal pores when a hemipenal bulge was 
not observed. Subjects were assigned to one of 
three age-classes, neonates (40.0 to 45.0 mm), 
juveniles (57.0 to 67.0 mm) (E. Santoyo-Brito 
pers. comm.), or adults (> 67.0 mm) based on 
the body size when females reach sexual maturity 
(i.e., presence of follicles) (Leyton and Valencia 
1992). We evaluated sexual size dimorphism 
between the five largest adults of both sexes 
using a Student’s t-test. Statistical tests were 
completed using SPSS version 21.
All captured lizards were permanently 
marked by a unique toe clip combination and 
assigned a unique dorsal color combination of 
painted dots, which they lost at molting. This 
individual marking allowed recognition of free-
ranging individual lizards since subjects were 
part of a large behavioral ecology study. Marked 
subjects were recaptured only when the color 
code was missing or incomplete. Clipped toes 
from each individual caught in the course of the 
field season of 2012–2013 were collected for 
subsequent skeletochronology analyses. Excised 
digits were deposited into a dry Eppendorf 
centrifuge vial labeled with the unique toe clip 
combination of the individual. After we obtained 
the morphometric data and collected the clipped 
toes, all lizards were released at their site of 
capture.
The skeletochronology laboratory work was 
carried out in 2015 at Oklahoma State University. 
First, we chose the longest of the toe clips 
collected in the field from each lizard. Toe clips 
had been stored dry in individual Eppendorf 
vials. Then we placed all samples in 95% ethanol 
for fixation for at least 24 h, ensuring that the 
individual identity of each toe clip was 
maintained. Soft tissue was carefully removed 
manually from most of the toe clip and the bone 
of the second phalange detached. The length of 
the bone was measured to the nearest 0.25 mm 
using an optical micrometer to estimate the 
number of cuts needed to obtain slices from the 
mid-section of the bone. All bones were 
decalcified using Fisher Scientific Cal-Ex® II 
(Product # MFCD00211744) for 8 h. Each 
phalange was removed from its cassette and 
embedded in a block of paraffin for its transversal 
sectioning with a manual microtome. Slice 
thickness was set to 10 μm, and a ribbon of serial 
cross sections of 10 to 12 slices was placed on a 
microscope slide and stained with Harris’ 
hematoxylin. Slices were obtained from the mid-
diaphysis of the phalange, which is considered to 
yield the best sections for accurate aging. For a 
detailed description of the skeletochronology 
method, refer to McCreary et al. 2008.
All stained slides were observed utilizing an 
upright research Olympus microscope BX51 
(200 and 400×-magnification). We took a series 
of photographs of different slices from each 
bone utilizing a digital camera (Q Colour 5 
Olympus) attached to the oculars of the 
microscope. Three to 10 of the best photographs 
of different sections of each sliced toe clip were 
selected to estimate the number of LAGs. Each 
photograph was enlarged using the morphometric 
software tpsDig (Rohlf 2004) to count the LAGs. 
Samples with observed double lines were 
discarded for age determination (Bülbül et al. 
2016). It was not possible to estimate the loss of 
one or more innermost LAGs by means of 
osteometric analysis because we analyzed 
phalanges of different toe clips with different 
diaphyseal diameters, thus they were not 
comparable (Guarino et al. 2010, 2015).
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Results
Objective 1
Combining both field seasons (2011–2012 
and 2012–2013), we captured and permanently 
marked a total of 179 free-ranging lizards of 
different ages (neonates, juveniles, and adults). 
The range of SVL for all subjects was 40.0 to 
102.0 mm. There was no sexual size dimorphism 
in SVL (t-test: t(8) = 1.518; p = 0.168) between 
the five largest males (range = 99.0 to 102.0 mm, 
mean = 100.8; SD = 1.15), and females (range = 
99.0 to 102.0 mm, mean = 99.6; SD = 1.34). 
Although there is no statistically significant size 
dimorphism in the species, males are slightly 
bigger than females.
For the skeletochronology analyses, we had 
to exclude samples of 30 lizards because the 
bone became detached from the paraffin block 
during the slicing process in a few cases (on 
several occasions it was not possible to re-embed 
the bone and place it in its correct vertical 
position due to its very short length), or more 
often due to the inferior quality of the slide (i.e., 
poor staining or poor tissue slice). The exclusion 
of those samples reduced our sample size to 43. 
In all stained cross sections, we observed a 
medullar cavity, endosteal deposition and peri-
osteal bone, and growth zones delimited by thin 
hematoxylinophilic outer lines corresponding to 
LAGs. Rapprochement of peripheral LAGs was 
observed mostly in adults (Figure 1).
An unexpected result in our study was that 
almost all samples of juveniles, not just adults, 
showed some degree of bone remodeling (Figure 
1). We identified scalloped lines indicative of 
bone remodeling, and in most cases the 
remodeling was so extensive that counting LAGs 
was not feasible, facing the risk of false counts 
and underestimating age of the lizards. The 
degree of remodeling and endosteal deposition 
was such that we could not estimate the number 
of lost LAGs, not even via image overlap. 
Figure 1. Cross section (400×-magnification) through the mid-section diaphysis of a phalange of (A) GOGO (juvenile 
female, SVL = 65.0 mm) and (B) BBGB (adult male, SVL = 92.0 mm) Liolaemus leopardinus lizard caught 
on 12 and 13 February 2013, respectively, at El Colorado in the Andean cordillera of central Chile. Black 
arrows point to the limit of the remodeling zone, and brackets indicate Lines of Arrested Growth (LAGs) 
formed during each brumation period. MC = marrow cavity; EB = endosteal bone; PB = periosteal bone.
A B
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Presence of this high degree of bone remodeling 
was confirmed by researchers more experienced 
with this technique (Ballard and Sinsch, pers. 
comm.). Furthermore, because of extensive 
rapprochement, we could not confidently count 
peripheral LAGs, either.
Objective 2
We also aimed to assess the degree of 
association between SVL and the number of 
LAGs to use length as an age proxy on free-
ranging lizards. However, we could not estimate 
the correlation between both variables due to the 
problems faced in the skeletochronology analyses. 
Consequently, we plotted the SVL of all subjects 
caught in either or both field seasons, which 
allowed us to assign subjects into one of four 
different age-classes—neonates, yearlings, 
juveniles, and adults—by associating SVL and 
active and inactive (brumation) periods of the 
year (Figure 2). We know that lizards are active 
from October to mid-April and that subjects of the 
population brumate from mid-April to October. 
Mothers give birth during March and April 
(neonates’ mean SVL = 40.6 mm); thus, the 
smallest subjects found in the field in November 
right after brumation are the now 7–8 month-old 
neonates (mean SVL = 48.8 mm). The complete 
lack of data points between 49 and 56 mm in 
Figure 2 suggests that the yearling cohort is 
missing in both active periods (AP) depicted in 
the figure. Those lizards that start the active period 
at a size of 56–62 mm appear to be second-year 
juveniles, and all subjects whose SVL is 68.0 or 
above should be considered adults. Following 
Leyton and Valencia (1992), we assumed that the 
species reaches sexual maturity during the third to 
fourth year of age; when lizards’ SVL is ~ 68.0 mm.
Interestingly, during our two field seasons of 
2011–2012 and 2012–2013 we captured 10 
subjects that were first caught and permanently 
marked during a pilot study at the same site from 
December 2004 to April 2005 (Table 1). 
Unfortunately, it was not possible to age these 
animals using skeletochronology due to the 
remodeling and rapprochement problems 
discussed above.
Nine of the subjects caught in 2004–2005 fit 
into the adult age-class and one was assigned to 
the juvenile age-class based on Figure 2. The 
average SVL for the six adult males in 2004–
2005 was 94.0 mm and for the three females was 
81.6 mm. By associating the SVL at different 
periods of activity depicted in Figure 2, we 
suggest that these adult lizards were at least 4 to 
5 years old when first captured. Seven years later 
at recapture those subjects should have been at 
least 11 to 12 years old or more since their SVL 
was close to the upper bound of the SVL range 
(102.0 mm) for all subjects caught in either of 
our two field seasons (Figure 2).
Discussion
We provide results on the first attempt to 
estimate age in Liolaemus leopardinus lizards 
through skeletochronology. Our main goal was 
to determine the effectiveness of the aging 
method using phalanges of individuals. Unfor-
tunately, the objective was not fulfilled since we 
faced problems during the skeletochronology. 
First, although the staining method (stained with 
Harris’ hematoxylin) was the same for all 
samples, the optical sharpness varied among 
tissue slices, making it sometimes difficult to 
unmistakably identify the LAGs. Misin-
terpretation of LAGs is common when they are 
not strongly expressed (i.e., clearly defined and 
stained) (Castanet and Smirina 1990) and double 
lines, probably formed due to temporary, short-
term ecological factors (i.e., very high 
temperatures, very dry conditions, variations in 
food availability, etc.) in the environment (Jakob 
et al. 2002), could be interpreted as two LAGs. 
Second, unexpectedly we observed a high degree 
of bone remodeling (i.e., scalloped surfaces and 
deposition of endosteal bone) in most samples. 
Replacement of most of the periosteal bone by 
endosteal bone left very little suitable bone tissue 
for age estimation. Owing to this, it was not 
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Figure 2. Snout–vent length of 179 Liolaemus leopardinus lizards caught during the late austral spring to fall of 2011–
2012 and 2012–2013 and November–December of 2013, at El Colorado, Chile. Solid circles represent each 
of the lizards caught and lines link their subsequent recaptures. Bold horizontal line at 68 mm represents 
minimal size at sexual maturity. AP = active period; B = brumation.
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possible to obtain reliable age estimates for most 
of the specimens in our study through 
skeletochronology (Sinsch pers. comm.). It has 
been shown that bone remodeling increases as 
individuals get older (Castilla and Castanet 
1986) and considerable remodeling and 
rapprochement of peripheral LAGs has been 
detected in long-lived species (Wagner et al. 
2011, Ergül et al. 2014). Remodeling is the 
result of bone growth (Enlow 1963) by eroding 
and reshaping the periosteal bone on the edge of 
the marrow cavity; this phenomenon can cause 
the complete loss of one or more LAGs (Ergül et 
al. 2014). Remodeling could be the result of 
environmental conditions (Smirina 1972) in a 
habitat with harsh weather and possibly limited 
resources as is recognized in high altitude or 
high latitude regions (Nagy and Grabherr 2009, 
Ergül et al. 2014). During bone growth, 
rebuilding also occurs by endosteal deposition 
(Enlow 1963, Curtin et al. 2005), which was 
notably present in our samples. Third, we 
observed rapprochement of peripheral LAGs, 
Table 1. Snout–vent length (SVL, in mm) of 10 Liolaemus leopardinus lizards first caught during the austral summer 
and fall (December–April) in 2004–2005 and recaptured during the same seasons in 2011–2013 at El 
Colorado in the Andean cordillera of central Chile. Age-classes: A = adults, J = juveniles.
Field season
2004–2005 2011–2012 2012–2013
Toe-clip Sex Age-class SVL Age-class SVL Age-class SVL
1-7-11-18 ♂ A 91.5 A 98.0 - -
1-8-11-17 ♂ A 94.5 A 98.0 - -
1-8-11-20 ♂ A 94.0 A 100.5 A 100.0
1-6-12-13-16-17-19 ♂ A 94.0 A 98.0 - -
1-6-11-19 ♂ A 94.5 A 99.5 A 102.0
1-9-11-16 ♂ A 96.0 A 101.0 - -
1-9-20 ♀ A 82.0 A 94.0 - -
1-7-11-20 ♀ J 63.0 A 98.0 A 100.0
1-9-12-16 ♀ A 94.0 A 98.0 - -
1-9-14 ♀ A 69.0 A 99.0 - -
which reduces the reliability of age estimates 
(Wagner et al. 2011, Sinsch 2015). Obviously, 
reliability of skeletochronology depends on the 
correct identification and interpretation of LAGs 
(Castanet and Smirina 1990, Guarino et al. 
1999), and our samples did not yield sufficient 
reliability. Thus, a true estimation of age using 
LAGs was not possible in our study.
Sexual size dimorphism was not evident in L. 
leopardinus, but the largest males were slightly 
larger than the largest females. Thus, we suggest 
that adult males may live longer than adult 
females, since reptiles generally show inde-
terminate growth. If so, the longer lifespan in 
males might have a genetic basis (Badyaev 2002, 
Cox et al. 2009, Barret and Richardson 2011) 
since males do not defend territories or females, 
and do not engage in agonistic behavior against 
male conspecifics (Fox and Shipman 2003, ESB 
pers. observ.), while females face the energetic 
challenge of viviparous reproduction.
Although toe-clipping is considered an 
invasive marking technique, there actually is 
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little negative impact of toe clipping on reptiles 
(Perry et al. 2011). A recent study conducted on 
10 different lizard species concluded that 
removing a low number of toes (two to three; 
our maximum number of toe-clips was three and 
only one per foot) have the lowest negative 
impacts (Olivera-Tlahuel et al. 2017). We did 
not observe any change in behavior of individuals 
before and after toe clipping, and this marking 
method did not seem to decrease the chance of 
recapturing individuals (ESB and SF pers. 
observ). Body-size measurements derived from 
the mark-recapture data collected during three 
field seasons aided us in assigning individuals to 
four different age-classes. We assigned young 
specimens to one of three age-classes: neonates, 
yearlings, or juveniles based on active periods. 
Interestingly, Figure 2 suggests that the yearling 
cohort is missing from our dataset; the lack of 
these data could be the result of our search effort, 
however. During both field seasons we mainly 
searched for lizards located on the rock outcrops 
since we were not then aware of the secretive 
behavior of neonates and yearlings (E. Santoyo-
Brito pers. comm.). However, it is probable that 
most of the 7–8 month “new yearlings” cohort is 
missing because of heavy bird predation on 
neonates documented at our field site (E. 
Santoyo-Brito pers. comm.), and so the density 
of the “new yearlings” might be very low, 
making it difficult to observe them in the field. It 
is probable that adults live so long—resulting in 
higher density of the multi-year adult age class 
compared to juvenile age-classes—and continue 
to reproduce throughout their long lives as 
evolutionary compensation for heavy mortality 
of neonates and small juveniles.
Nevertheless, for three main reasons our 
results should be taken with caution and be 
considered as a mere age-class designation and 
not an absolute age estimator (Halliday and 
Verrell 1988, Castanet 1994). First, in our study 
we did not follow a cohort of known-age 
individuals (i.e., neonates) through their lifespan; 
our mark and recapture data were limited roughly 
to three active seasons. Second, we did not 
continuously recapture known subjects and their 
recapture was limited to the event of missing 
color codes, which limited the accumulation of 
data on SVL. Third, L. leopardinus as an 
ectotherm strongly depends on ecological and 
physiological conditions (i.e., thermal environ-
ments, length of activity period, food availability, 
etc.) to grow, but most importantly those 
conditions could differ within a season (Adolph 
and Porter 1993, Peacor 2002, Roitberg and 
Smirina 2006), thus increasing body size 
variability within age-classes (Halliday and 
Verrell 1988, Castanet 1994).
The SVL of 10 individuals first captured in 
2005 and recaptured in 2011–2012 (three 
captured again in 2012–2013) shows that L. 
leopardinus is a long-lived species. Although a 
lifespan of up to 12 years or more could sound 
overstated for a medium-sized lizard, other lizard 
species located at high elevations are also known 
to be long-lived. For example, a skeletochronology 
study suggested that one adult female from a 
60–70 mm cohort of the viviparous L. multicolor 
Koslowsky, 1898 was 19 years of age (Valde-
cantos et al. 2007), and Phymaturus patagonicus 
Koslowsky, 1898 (SVL = 88.0–109.0 mm) can 
live up to 16 years (Piantoni et al. 2006). 
However, for L. multicolor the authors suggest 
caution since that specific finding might be an 
outlier and not accurately represent what occurs 
within the remaining sample. Even so, they 
report a mean life span of 12 years for L. 
multicolor (Valdecantos et al. 2007). Longevity 
in L. leopardinus could be explained in part due 
to the selective predation pressure on smaller 
body sizes (Reznick 1996, Costelloe and 
Rubenstein 2015, E. Santoyo-Brito pers. comm.). 
Although several predatory species are located at 
El Colorado (Fox and Shipman 2003, Santoyo-
Brito et al. 2014), predation decreases once 
subjects reach the size of older juveniles and 
beyond (E. Santoyo-Brito pers. comm.). The 
survival benefit derived from having achieved a 
large body size has been shown in other lizard 
species. For example, larger (and older) Egernia 
stokesii (Gray, 1845) were more prone to 
Age estimation through skeletochronology and mark-recapture of free-living Liolaemus leopardinus
110
Phyllomedusa - 17(1), June 2018
recapture nine years later than smaller lizards 
(Pearson et al. 2016). In addition to body size, 
the short length of the activity season at high-
elevation sites decreases predation oppor tunities 
(Wapstra et al. 2001, Roitberg and Smirina 
2006), resulting in increased longevity (Piantoni 
et al. 2006, Cabezas-Cartes et al. 2015).
In summary, our skeletochronology results 
using phalanges did reveal the formation of 
LAGs in subjects of L. leopardinus. However, 
the high degree of remodeling and rapprochement 
make the method poorly suited for aging 
individuals. However, before utterly discarding 
the method, it is necessary to examine a long 
bone like the femur, which has been shown to be 
very suitable for skeletochronology (Castanet et 
al. 1998, Piantoni et al. 2006, Guarino 2010). 
We also suggest collecting a larger number of 
samples corresponding to free-ranging neonates 
and yearlings to back-calculate the number of 
LAGs lost if remodeling is present also in the 
femur. However, collecting free-ranging neonates 
is not an easy task since they are rarely found in 
the field due to their secretive and cryptic 
behavior (E. Santoyo-Brito pers. comm.). Most 
importantly, and a serious detraction, is that to 
obtain a femur it is necessary to euthanize 
individuals, an undesirable option when studying 
L. leopardinus, which is endangered. The SVL 
and recapture of different individuals increased 
our accuracy to assign subjects to one of four 
distinctive age-classes. The recapture of one 
juvenile and nine adults first captured in 2004–
2005 and recaptured in 2011–2012 indicates 
without a doubt that L. leopardinus individuals 
may live more than a decade.
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